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trons or muons) is presented. The analysis is based on 4.7 fb~^ of ^/s = 7 TeV proton-proton 
collisions delivered by the Large Hadron Collider and recorded with the ATLAS detector. 
Observations are consistent with Standard Model expectations in two signal regions: one 
that requires moderate values of missing transverse momentum and another that requires 
large effective mass. The results are interpreted in a simplified model of i?-parity-violating 
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1 Introduction 

Events with four or more leptons are rarely produced in Standard Model (SM) processes 
while being predicted by a variety of theories for physics beyond the SM. These include su- 
persymmetry (SUSY) [1-9], technicolour [10], and models with extra bosons [11] or heavy 
neutrinos [12]. This paper presents a search with the ATLAS detector for anomalous 
production of events with four or more leptons. "Leptons" refers to electrons or muons, 
including those from r decays, but does not include r leptons that decay hadronically. The 
analysis is based on 4.7 fb~^ of proton-proton collisions delivered by the Large Hadron Col- 
lider (LHC) at a centre-of-mass energy ^/s = 7TeV between March and October 2011. The 
results are interpreted in the context of ii-parity-violating (RPV) SUSY. Similar searches 
have been conducted at the Tevatron Collider [13, 14] and by CMS [15]. 
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2 i2-parity-violating supersymmetry 



SUSY postulates the existence of SUSY particles, or "sparticles" , each with spin (5) dif- 
fering by one-half unit from that of its SM partner. Gauge-invariant and renormalisable 
interactions introduced in SUSY models can violate the conservation of baryon (B) and 
lepton (L) number and lead to a proton lifetime shorter than current experimental lim- 
its [16]. This is usually solved by assuming that i?-parity, defined by Pr = (_i)25'+3B+l^ 
is conserved [17-21], which makes the lightest supersymmetric particle (LSP) stable. In 
PR-conserving models where the LSP is neutral and weakly interacting, sparticle produc- 
tion is characterised by large missing transverse momentum (E^^^^) due to LSPs escaping 
detection. Many SUSY searches at hadron colliders rely on this large E^^^^ signature. 

Alternatively, proton decay can be prevented by imposing other symmetries [22] that 
require the conservation of either lepton or baryon number, while allowing i?-parity vi- 
olation. Such models can accommodate non-zero neutrino masses and neutrino-mixing 
angles consistent with the observation of neutrino oscillations [23]. If P-parity is violated, 
the LSP decays into SM particles and the signature of large E^^^^^ may be lost. Trilinear 
lepton-number-violating RPV interactions can generate both charged leptons and neutri- 
nos during the LSP decay, and therefore lead to a characteristic signature with high lepton 
multiplicity and moderate values of E!f^^^ compared to i?-parity-conserving models. 



3 i?-parity-violating models 

The results of this analysis are interpreted in two Minimal Supersymmetric Standard Model 
(MSSM) scenarios with an RPV superpotential term given by Wrpv = XijkLiLjEk- The 
i,j,k indices of the Xijk Yukawa couplings refer to the lepton generations. The lepton 
SU(2) doublet superfields are denoted by Lj, while the corresponding singlet superfields 
are given by E^- Single coupling dominance is assumed with A121 as the only non-zero 
coupling. The A121 coupling is chosen as a representative model with multiple electrons 
and muons in the final state. Comparable signal yields are expected with a choice of A122 
single coupling dominance. 

The first scenario is a simplified model [24] where the lightest chargino and neutralino 
are the only sparticles with masses below the TeV scale. Charginos {Xi , i = 1,2) and 
neutralinos {Xj , j = 1, 2, 3, 4) are the mass eigenstates formed from the linear superposition 
of the SUSY partners of the Higgs and electroweak gauge bosons. These are the Higgsinos, 
winos and bino. Wino-like charginos are pair-produced and each decays into a W boson and 
a bino-like Xi^ which is the LSP. The LSP then undergoes the three-body decay Xi ~^ e/iz^e 
or Xi ~^ eef^ through a virtual slepton or sneutrino, with a branching fraction of 50% each, 
as shown in figure l(a-c). The width of the Xi is fixed at a value of 100 MeV resulting in 
prompt decays. 

The second scenario is taken from ref. [25] and is the (mi/2) tan/3) slice of the mini- 
mal super GRAvity/Constrained MSSM (MSUGRA/CMSSM) containing the BCl point 
of ref. [26]. The unification parameters niQ and ^0 are zero and /j, is positive^. The 

'^The parameter mo is the universal scalar mass, mi/2 is the universal gaugino mass, tan/3 is the ratio 
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Figure 1. Illustration of the xl decay in the chosen simplified model (a-c), and the four-body fi 
decay in the MSUGRA/CMSSM model (d). The charge conjugate decay of the Xi decay is implied. 



RPV coupling A121 is set to 0.032 at the unification scale [27]. Both strong and weak 
processes contribute to SUSY pair production, where weak processes are dominant above 
mx/2 ~ 600 GeV. The lighter stau, fi, is the LSP over most of the parameter-space, and 
decays with equal probability through the four-body decays fi — )■ refiVe or fi — reev^, 
via a virtual neutralino and sneutrino or slepton, as shown in figure 1(d). While the 
Higgs mass values in this model are lower than those of the recently observed Higgs-like 
resonance [28, 29], the MSUGRA/CMSSM scenario considered nevertheless remains an 
instructive benchmark model. 



4 Detector description 

ATLAS [30] is a multipurpose particle detector with forward-backward symmetric cylin- 
drical geometry. It includes an inner tracker (ID) immersed in a 2 T axial magnetic field 
providing precision tracking of charged particles for pseudorapidities^ \r]\ < 2.5. Sampling 
calorimeter systems with either liquid argon or scintillator tiles as the active media provide 
energy measurements over the range \rj\ < 4.9. The muon detectors are positioned outside 
the calorimeters and are contained in an air-core toroidal magnetic field produced by su- 
perconducting magnets with field integrals varying from IT-m to 8T-m. They provide 
trigger and high-precision tracking capabilities for |?/| <2.4 and |?/| < 2.7, respectively. 

of the two Higgs vacuum expectation values in the MSSM, Aq is the trilinear couphng and fi is the Higgs 
mixing parameter, all defined at the unification scale. 

^ATLAS uses a riglit-handed coordinate system witli its origin at the nominal interaction point (IP) in 
the centre of the detector and the z-axis along the beam pipe. The s-axis points from the IP to the centre 
of the LHC ring, and the y-axis points upward. Cylindrical coordinates (r, (j>) are used in the transverse 
plane, (p being the azimuthal angle around the beam pipe. The pseudorapidity is defined in terms of the 
polar angle as rj = — lntan(S/2). 
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5 Monte Carlo simulation 

Several Monte Carlo (MC) generators are used to simulate SM processes and new physics 
signals relevant for this analysis. SHERPA [31] is used to simulate the diboson processes 
WW, WZ and ZZ, where Z also includes virtual photons. These diboson samples cor- 
respond to all SM diagrams leading to the ii/i'iy', ili'v', and iii'i' final states, where 

= e,fi,T and i^jiy' = fe,f/i,^'r- Interference between the diagrams is taken into ac- 
count. MadGraph [32] is used for the tiW, ttWW, ttZ, W-y and Z-f processes. MC@NLO [33] 
is chosen for the simulation of single and pair production of top quarks, and ALPGEN [34] 
is used to simulate T^+jets and Z+jets processes. Expected diboson yields are normalised 
using next-to- leading-order (NLO) QCD predictions obtained with MCFM [35, 36]. The top- 
quark pair-production contribution is normalised to approximate next-to-next-to-leading- 
order calculations (NNLO) [37] and the tiW, tiWW, tiZ contributions are normalised to 
NLO predictions [38, 39]. The W^ and Z^ yields are normalised to be consistent with the 
ATLAS cross-section measurements [40]. The QCD NNLO FEWZ [41, 42] cross-sections are 
used for normalisation of the inclusive M^+jets and Z+jets processes. 

The choice of the parton distribution functions (PDFs) depends on the generator. The 
CTEQ6L1 [43] PDFs are used with MadGraph and ALPGEN, and the CTIO [44] PDFs with 
MCONLO and SHERPA. 

The simplified model samples are produced with Herwig++ [45] and the MSUGRA/ 
CMSSM BCl-like samples are produced with HERWIG [46]. The yields of the SUSY samples 
are normalised to the NLO cross-sections obtained from PROSPINO [47] for weak processes, 
and to next-to-leading-logarithmic accuracy (NLL) for strong processes. 

Fragmentation and hadronisation for the ALPGEN and MCSNLO samples are performed 
with HERWIG, while for MadGraph, PYTHIA [48] is used, and for SHERPA these are performed 
internally. JIMMY [49] is interfaced to HERWIG for simulation of the underlying event. For all 
MC samples, the propagation of particles through the ATLAS detector is modelled using 
GEANT4 [50, 51]. The effect of multiple proton-proton collisions from the same or different 
bunch crossings is incorporated into the simulation by overlaying additional minimum-bias 
events generated by PYTHIA onto hard-scatter events. Simulated events are weighted to 
match the distribution of the number of interactions per bunch crossing observed in data. 
Simulated data are reconstructed in the same manner as the data. 

6 Event reconstruction and preselection 

The data sample was collected with an inclusive selection of single-lepton and double-lepton 
triggers. For single-lepton triggers, at least one reconstructed muon (electron) is required to 
have transverse momentum (transverse energy E^) above 20 GeV (25 GeV). For dilepton 
triggers, at least two reconstructed leptons are required to have triggered the event, with 
transverse energy or momentum above threshold. The two muons are each required to 
have p^^>12GeV for dimuon triggers, and the two electrons to have £'|.>17GeV for 
dielectron triggers, while the thresholds for electron-muon triggers are > 15 GeV and 
pi^ > 10 GeV. These thresholds are chosen such that the overall trigger efficiency is high. 
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typically in excess of 90%, and independent of the transverse momentum of the triggerable 
objects within uncertainties. 

Events recorded during normal running conditions are analysed if the primary vertex 
has five or more tracks associated to it. The primary vertex of an event is identified as the 
vertex with the highest of associated tracks. 

Electrons must satisfy "medium" identification criteria [52] and fulfil \r]\ < 2.47 and 
i?T > lOGeV, where and \r]\ are determined from the calibrated clustered energy de- 
posits in the electromagnetic calorimeter and the matched ID track, respectively. Muons 
are reconstructed by combining tracks in the ID and tracks in the muon spectrometer [53]. 
Reconstructed muons are considered as candidates if they have transverse momentum 
PT>10GeV and |r/| <2.4. 

Jets are reconstructed with the anti-fc^ algorithm [54] with a radius parameter of 
R = 0.4 using clustered energy deposits calibrated at the electromagnetic scale. The jet 
energy is corrected to account for the non-compensating nature of the calorimeter using 
correction factors parameterised as a function of the jet Et^ and r] [55]. The correction 
factors were obtained from simulation and have been refined and validated using data. 
Jets considered in this analysis have i?T > 20 GeV and \7]\ < 2.5. The pT-weighted fraction 
of the tracks in the jet that are associated with the primary vertex is required to be larger 
than 0.75. 

Events containing jets failing the quality criteria described in ref. [55] are rejected to 
suppress both SM and beam-induced background. Jets are identified as containing 6-hadron 
decays, and thus called "^-tagged" , using a multivariate technique based on quantities such 
as the impact parameters of the tracks associated to a reconstructed secondary vertex. 
The chosen working point of the 6-tagging algorithm [56] correctly identifies 6-quark jets in 
simulated top-quark decays with an efficiency of 60% and misidentifies the jets initiated by 
light-flavour quarks or gluons with a rate of < 1%, for jets with E^ > 20 GeV and |r/| < 2.5. 

The missing transverse momentum, E^^^^, is the magnitude of the vector sum of the 
transverse momentum or transverse energy of all px > 10 GeV muons, Et > 20 GeV elec- 
trons, -Et > 20 GeV jets, and calibrated calorimeter energy clusters with < 4.9 not asso- 
ciated to these objects [57]. 

In this analysis, "tagged" leptons are leptons separated from each other and from 
candidate jets as described below. If two candidate electrons are reconstructed with 
AR = \J (A(/))2 -|- (A?])^ < 0.1, the lower energy one is discarded. Candidate jets within 
Ai? = 0.2 of an electron candidate are rejected. To suppress leptons originating from semi- 
leptonic decays of c- and 6-quarks, all lepton candidates are required to be separated from 
candidate jets by Ai? > 0.4. Muons undergoing bremsstrahlung can be reconstructed with 
an overlapping electron candidate. To reject these, tagged electrons and muons separated 
from jets and reconstructed within Ai? = 0.1 of each other are both discarded. Events 
containing one or more tagged muons that have transverse impact parameter with respect 
to the primary vertex |(io| > 0.2 mm or longitudinal impact parameter with respect to the 
primary vertex I^qI > 1 mm are rejected to suppress cosmic muon background. 

"Signal" leptons are tagged leptons for which the scalar sum of the transverse momenta 
of tracks within a cone of Ai? = 0.2 around the lepton candidate, and excluding the lepton 
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Table 1. The selection requirements for the two signal (SR) and three validation regions (VR). 
The Z-candidate veto (requirement) rejects (selects) events that have a same-flavour opposite-sign 
lepton pair with mass inside the [8f .2, fOf .2] GeV interval. 



Selection 


SRI 


SR2 


VRf 


VR2 


VR3 


Number of leptons 


>4 


>4 


3 


>4 


>4 


Z-candidatc 


veto 


veto 


veto 


requirement 


veto 


£;^""7GeV 


>50 




>50 




<50 


meff/GeV 




>300 






<300 



candidate track itself, is less than 10% of the lepton Et for electrons and less than 1.8 GeV 
for muons. Tracks selected for the electron and muon isolation requirement defined above 
are those which have pT>l GeV and are associated to the primary vertex of the event. 
Signal electrons must also pass "tight" identification criteria [52]. 

7 Signal region selection 

Selected events must contain four or more signal leptons. The invariant mass of any same- 
flavour opposite-sign (SFOS) lepton pair, msFOS) must be above 20 GeV, otherwise the 
lepton pair is discarded to suppress background from low-mass resonances. Events which 
contain a SFOS lepton pair inside the [81.2, 101.2] GeV interval are vetoed to reject Z-boson 
candidates (Z-veto). 

Two signal regions are then defined: a signal region with E^^^^>50GeV (SRI) and 
one with effective mass mcff > 300 GeV (SR2). The effective mass is defined by the scalar 
sum shown in (eq. 1), where p!^ (-E'f) transverse momentum of the signal muons 

(electrons) and Eq. is the transverse energy of jets with E'y > 40 GeV: 

meff = Ef^^ + Y,P^ + Y.^"t^ + Y.^t- (1) 

^l e j 

SRI is optimised for regions of the parameter space with values of mi/2 below ~700 GeV 
or m-± below ~300 GeV. SR2 targets the production of heavier sparticles. In general, SRI 
is sensitive to models with E!f^^^ originating from neutrinos and SR2 to scenarios with a 
large multiplicity of high-px objects. 

Three further regions are defined to validate the expected background against data. 
The validation regions are described in section 10. Table 1 summarises the signal and 
validation region definitions. 

8 Standard Model background estimation 

Several SM processes, which are classified into irreducible and reducible components below, 
contribute to the background in the signal regions. The dominant sources are ZZ, WZ, 
and tt production in both SRI and SR2. 
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8.1 Irreducible background processes 

A background process is considered "irreducible" if it leads to events with four real, isolated 
leptons, referred to as "real" leptons below. These include ZZ ^ tiZ and ttWW production, 
where a gauge boson may be produced off-mass-shell. These contributions are determined 
using the corresponding MC samples, for which lepton and jet selection efficiencies [58-61], 
and trigger efficiencies are corrected to account for differences with respect to data. 

8.2 Reducible background processes 

A "reducible" process has at least one "fake" lepton, that is either a lepton from a semi- 
leptonic decay of a b- or c-quark, referred to as heavy- flavour, or an electron from an 
isolated single-track photon conversion. The contribution from misidentified light-flavour 
quark or gluon jets is found to be negligible based on studies in simulation. The reducible 
background includes WZ, tt, ttW, WW, single t-quark, or single Z-boson production, in 
all cases produced in association with jets or photons. The yield of W bosons with three 
fake leptons is negligible. The tt and the WZ backgrounds correspond respectively to 59% 
and 35% of the reducible background in SRI, and to 46% each in SR2. In both SRI and 
SR2, fake leptons are predominantly fake electrons (99%), originating either from 6-quarks 
in tt candidate events or from conversions in WZ candidate events. Fake muons from 
6-quark decays in tt events are suppressed by the object separation scheme described in 
section 6. Regardless of the origin, the misidentification probability decreases as the lepton 
Pt increases. 

The reducible background is estimated using a weighting method applied to events 
containing signal leptons (is) and loose leptons {£l), which are tagged leptons failing the 
signal lepton requirements. Since the reducible background is dominated by events with 
at most two fake leptons, it is estimated as: 



where the second term corrects for the double counting of reducible-background events 
with two fake leptons in the first term. The term -/Vdata(3-^s -|- II) is the total number of 
events with three signal and one loose lepton, while iVMCirr(3^5 + ^l) is the irreducible 
contribution of events obtained from simulation. The definitions of -/Vdata(2^5 + ^Li + ^L2) 
and A''MCirr(2^5+^Li +^^2) are analogous. As a conservative approach, the potential signal 
contamination in the 3is + and 2£s + £li + loose lepton data samples is not taken 
into account. The average "fake ratio" F depends on the flavour and kinematics of the 
loose lepton £l and it is defined as: 



where i is the type of fake (heavy-flavour leptons or conversion electrons) and j is the 
process category the fake originates from (top quark or W/Z boson). The fake ratios 
are defined as the ratios of the probabilities that fake tagged leptons are identified as 



[iVdata(3£5 + £l) - NucWiis + ^l)] X F(£l) 

- [iVdata(2^5 + +£l,)- NuCirr{2ls + ^L, + ^L,)] X F{Il,) X F{£l,) 



(2) 




(3) 
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signal leptons to the probabilities that they are identified as loose leptons. The are 
determined for each relevant fake type and for each reducible-background process, and 
they are parameterised in muon (electron) (-^'t) and r]. The fake ratios are weighted 
according to the fractional contribution of the process they originate from through K^^ 
fractions. Both f^^ and R^^ are determined in simulation. Each correction factor a* is the 
fake ratio measured in data divided by that in simulation, in control samples described 
below. The fake ratios F are estimated to vary from 0.8 to 0.05 for muons when the pT 
increases from 10 to 100 GeV. For electrons, there is little pT dependence, and the F values 
are ~0.3. 

The correction factor for heavy-flavour fakes is measured in a 65-dominated control 
sample. This is defined by selecting events with only one 6-tagged jet (containing a muon) 
and a tagged lepton. The non-66 contributions from the single and pair production of 
top quarks and W bosons produced in association with 6-quarks are suppressed with 
^miss ^ transverse mass mx = ^2 ■ E^'^^ • • (1 - cos ^jmiss) < 40 GeV re- 

quirements, where A(pg ^miss is the azimuthal angle between the tagged lepton i and the 
^miss_ 'pj-^g remaining non-66 background (~1% level) is subtracted from the control sample 
in data using MC predictions. In this control sample, the fake ratio from heavy-fiavour 
decays is calculated using the ratio of tagged leptons passing signal lepton requirements 
to those that fail. The correction factors are found to be 0.97 it 0.13 and 0.86 it 0.13 for 
electrons and muons respectively. 

The correction factor for electron candidates originating from photon conversions is 
determined in a sample of photons radiated from a muon in Z — )• fin decays. Events with 
two opposite-sign muons and one tagged electron are selected and the invariant mass of 
the ;U/ie triplet is required to lie within 10 GeV of the nominal Z-boson mass value. In 
this control sample, the fake ratio for conversion electrons is calculated using the ratio of 
tagged electrons identified as signal electrons to those identified as loose electrons. The 
correction factor is found to be 1.24 it 0.13. 

9 Systematic uncertainties 

Several sources of systematic uncertainty are considered in the signal, control and valida- 
tion regions. Correlations of systematic uncertainties between processes and regions are 
accounted for. 

MC-based sources of systematic uncertainty affect the irreducible background, the i?*-^ 
fractions of the average fake ratios, and the signal yields. The MC-based systematic sources 
include the acceptance uncertainty due to the PDFs and the theoretical cross-section un- 
certainties due to the renormalisation/factorisation scale and PDFs. The uncertainty due 
to the PDF set is determined using the error set of the original PDF and the scale uncer- 
tainties are calculated by varying the factorisation and renormalisation scales. Additional 
systematic uncertainties are those resulting from the jet energy scale [58] and resolution [59] , 
the lepton efficiencies [60, 61], energy scales and resolutions, and uncertainties in 6-tagging 
rates [62-65]. The choice of MC generator is also included for the irreducible background. 
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The systematic uncertainty on the luminosity (3.9%) [66, 67] affects only the yields of the 
irreducible background and the signal yield. 

In SRI, the total uncertainty on the irreducible background is 70%. This is dominated 
by the uncertainty on the efficiency times acceptance of the signal region selection for 
the ZZ MC event generator, determined by comparing the SHERPA and POWHEG [68-71] 
generators and found to be 65% of the SHERPA ZZ yield. The next largest uncertainties 
on the irreducible background are due to the jet energy scale (53%) and that due to the 
limited number of MC events generated (34%). All the remaining uncertainties in this 
signal region lie in the range of 0.1-5%. In SR2, the uncertainties are similar, except for 
smaller uncertainties due to the jet energy scale (3%) and the limited number of generated 
events (17%). 

For the average fake ratio F, the i?*-' fractions are varied between 0% and 100% to 
account for the uncertainty on the JX'^ fractions from the sources listed above. The un- 
certainty from the fC^ fractions is expected to have a small impact on the uncertainty of 
the reducible background, since the fake ratios f^^ are similar across processes and types 
of fakes in most of the kinematic region. Also included in the uncertainty on the reducible 
background is the uncertainty from the dependence of the fake ratio on E^^^^ (10%) and 
the uncertainty on the fake-ratio correction factors (15-34%). In SRI, the dominant un- 
certainty on the reducible background is that due to the R^^ fractions (75%). This large 
uncertainty is due to events in the loose lepton data sample that happen to fall in kine- 
matic regions with large variations in the fake ratio between processes and types of fakes. 
The next to leading uncertainties are those from the statistical uncertainty on the data 
(60%) and the dependence of the fake ratio on E!^^^^ (25%). In SR2, the uncertainty on 
the reducible background is dominated by that from the limited number of data events 
(140%), followed by that due to the K^^ fractions (6%) and the dependence of the fake 
ratio on Ef''' (4%). 

The total uncertainties on the signal yields are 10-20% and are calculated using the 
method described in ref. [72]. Signal cross-sections are calculated to NLO in the strong 
coupling constant using PROSPIND"^. An envelope of cross-section predictions is defined using 
the 68% CL intervals of the CTEQ6 . 6 [77] (including the as uncertainty) and MSTW [78] PDF 
sets, together with variations of the factorisation and renormalisation scales by factors of 
two or one half. The nominal cross-section value is taken to be the midpoint of the envelope 
and the uncertainty assigned is half the full width of the envelope, closely following the 
PDF4LIIC recommendations [79]. 

10 Background model validation 

The background predictions have been verified in three validation regions (VR). A region 
(VRl) selects events with three signal leptons, i?™'^^ > 50 GeV, and vetos events with Z- 
boson candidates described in section 7. In VRl the reducible background is dominated by 
tt production. The contribution from ZZ production is validated in a region (VR2) defined 

^The addition of the resummation of soft gluon emission at NLL [47, 73-76] is performed in the case of 
strong SUSY pair-production. 
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by events with four leptons containing a Z-boson candidate. A region (VR3) containing 
events with E^^^^ < 50 GeV, nies < 300 GeV, four signal leptons, and no Z-boson candidate 
is used to validate the sum of the reducible and irreducible backgrounds. The data and 
predictions are in agreement within the quoted statistical and systematic uncertainties, as 
shown in table 2. Reported are the probabilities that the background fluctuates to the 
observed number of events or higher (po-value) and the corresponding number of standard 
deviations (ex). 

Table 2. Expected number of events from SUSY signals, SM backgrounds, and observed number 
of events in data in validation regions VRl, VR2 and VR3 (4.7fb~^). "SUSY ref. point 1" refers 
to a simplified model with rn^± = 500 GeV, m^o = 300 GeV, while "SUSY ref. point 2" refers to a 
MSUGRA model with mi/2 = 860 GeV and tan /3 = 37. The uncertainties quoted include statistical 
and systematic effects. The processes labelled with (f ) are classified as irreducible background in 
the three-lepton validation regions. In the four-lcpton validation regions they are included in the 
reducible background. The subtraction of the double-counted contributions can lead to negative 
central values for the reducible background. 



Selection 


VRl 


VR2 


VR3 


SUSY ref. point I 


4.6 ±0.5 


1.38 ±0.16 


0.004 ±0.006 


SUSY ref. point 2 


3.5 ±0.4 


2.32 ±0.34 


0.120 ±0.029 


ZZ 


3.2 ± 1.9 


38 ±7 


2.9 ± 1.5 


ttz 


0.70 ±0.35 


0.64 ±0.32 


(3.5 ±3.6) X 10-3 


tiWW 


0.08 ±0.06 


(1.3 ± 1.0) X 10^3 


(2.2 ±2.1) X 10-4 


wz (t) 


34.6 ±6 






ttw (t) 


2.6 ±0.8 






S Irreducible 


41 ±8 


38 ±7 


2.9 ± 1.5 


Reducible 


95 ±32 


-0.25 ±0.96 


1.3 ± 1.3 


S SM 


136 ±33 


38 ±7 


4.2 ± 1.8 


Data 


152 


40 


2 


Po-value (a) 


0.33 (0.45) 


0.42 (0.21) 


0.80 (-0.85) 



11 Results and interpretation 

The numbers of observed and predicted events in SRI and SR2 are reported in table 3. 
Distributions of E^^^^ and meff in events that have at least four leptons and no Z-boson 
candidates (before either the E™^^^ or m,cff requirements) are presented in fig. 2. 

No significant excess of events is found in the signal regions. Upper limits on the visible 
cross-section of new physics processes are calculated, defined by the product of production 
cross-section, acceptance and efficiency, and placed at 95% CL with the modified frequentist 
CL<i prescription [80]. All systematic uncertainties and their correlations are taken into 
account via nuisance parameters in a profile likelihood fit [81]. Observed 95% CL limits on 
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Table 3. Expected number of events from SUSY signals, SM backgrounds, and observed number of 
events in data in signal regions SRI and SR2 (4.7fb~^). "SUSY ref. point 1" refers to a simplified 
model with TO-± = 500 GeV, m^o = 300 GcV, while "SUSY ref. point 2" refers to a MSUGRA 
model with mi/2 = 860 GeV and tan/3 = 37. The uncertainties quoted include statistical and 
systematic effects. Upper limits on the observed (expected) visible production cross-section of new 
physics processes at 95% CL arc also shown. 





SRI 




O VJ O 1 ici. JJUiilt 1 


f: c _(_ n c 


7 1 -1- n 7 


SUSY ref. point 2 


4.2 ±0.6 


4.5 ± 0.6 


ZZ 


0.14±0.11 


0.51 ±0.30 


ttz 


0.023 ±0.014 


0.029 ±0.016 


ttww 


0.0044 ±0.0035 


0.005 ±0.004 


S Irreducible 


0.17±0.12 


0.54 ±0.31 


Reducible 


0.8 ±0.8 


0.18 ±0.26 


S SM 


1.0± 0.8 


0.7± 0.4 


Data 


3 


2 


Po-value (cr) 


0.05 (1.7) 


0.07 (1.5) 


(Tvis obs (exp) 


1.3 (0.8) 


1.1 (0.7) 



the visible cross-section of new physics processes are placed at 1.3 fb in SRI and 1.1 fb in 
SR2. The corresponding expected limits are 0.8 fb and 0.7 fb, respectively. 

The results of the analysis are interpreted in two RPV SUSY scenarios and shown in 
fig. 3, where the hmits are calculated choosing the signal region with the best expected 
limit for each of the model points. The uncertainties on the signal cross-section are not 
included in the limit calculation but their impact on the observed limit is shown by the 
red dotted lines. 

The main features of the exclusion limits can be explained in broad terms as follows. 
In the simplified model the sensitivity is governed by the production cross-section, which 
decreases at large m-± values, and by the efficiency of the signal region selection cuts. 
The requirements on the minimum value of the SFOS dilepton mass, and on the mini- 
mum lepton-lepton separation reduce the acceptance and selection efficiency for leptons 
from light x?) hence only values of 10 GeV and above are considered. As the mass of the 
Xi approaches zero, the phase space for leptonic decays is greatly reduced, while values of 
m^o = GeV are not possible without the LSP becoming stable. In the MSUGRA/CMSSM 
model, the production cross-section decreases as mi/2 increases, leading to smaller sensi- 
tivities in the high-mass region. Due to lower values of the four-body decay branching ratio 
and an increased f\ lifetime, the sensitivity drops for tan (3 values above 40. In the region 
of the parameter space with mi/2 ~ 800 GeV, weak gaugino production contributes 50% to 
the total SUSY production cross-section, while e//i/z> (fi) production contributes 10-20% 
(10-30%), and strong production 20%. Similar fractional contributions are also seen in the 
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two signal regions. 
12 Summary 

Results from a search for new phenomena in the final state with four or more leptons 
(electrons or muons) and either moderate values of missing transverse momentum or large 
effective mass are reported. The analysis is based on 4.7 fb~^ of proton-proton collision 
data delivered by the LHC at y/s = 7 TeV. No significant excess of events is found in data. 
Observed 95% CL limits on the visible cross-section are placed at 1.3 fb and 1.1 fb in the 
two signal regions, respectively. The null result is interpreted in a simplified model of 
chargino pair-production in which each chargino cascades to the lightest neutralino that 
decays into two charged leptons (ee or e/.i) and a neutrino via an RPV coupling. In the 
simplified model of RPV supersymmetry, chargino masses up to 540 GeV are excluded for 
LSP masses above 300 GeV. Limits are also set in an RPV MSUGRA model with a fi LSP 
that promptly decays into a r lepton, two charged leptons and a neutrino, where values of 
mi/2 below 820 GeV are excluded when 10 < tan/3 < 40. 



- 12 - 



> 

03 

CD 
o 

LO 

w 

> 
LU 



10^ 
10 
1 

10-^ 
10-2 
10"^ 



is= 7 TeV 
ATLAS 



1' 



T 



T 



T 



L dt = 4.7 fb 



I 



> 10^ 

CD 

CD 
o 

I 10^ 
10^ 
10 

1 

10-^ 
10-2 
10"^ 



■> 



SR1 

>50GeV 



-•-Data 2011 
^ Total SM 
I I Reduc. bkgd 

Ozz 
■ tt z/ww 

- - - SUSY ret. point 1 
SUSY ref. point 2 



50 100 150 200 250 300 350 400 450 500 

[GeV] 

(a) 



is= 7 TeV 
ATLAS 



1' 



T 



T 



T 



L dt = 4.7 fb 



J\ SR2 



300 GeV 



-•-Data 2011 
^ Total SM 
I I Reduc. bkgd 

Ozz 
■ tt z/ww 

- - - SUSY ref. point 1 . 
SUSY ref. point 2 



_[_t_]_]-J-^t^.[^k.l.,.k.[-..L. .A..-A . -I - I- -1^ 



100 200 300 400 500 600 700 800 900 1000 

mef, [GeV] 

(b) 



Figure 2. Distributions of (a) E"™""^ and (b) TOoff for events with at least four leptons and no 
Z-boson candidates (before either the or moff requirements). The uncertainty band includes 

both statistical and systematic uncertainty. The yields of two benchmark SUSY models are shown 
for illustration purposes. "SUSY ref. point 1'' 
500 GeV and 



is a simplified model point defined by Ti^^i = 
300 GeV, while "SUSY ref. point 2" is a MSUGRA model point defined by 



= 860 GeV and tan/3: 
background. 



: 37. The signal distributions are not stacked on top of the expected 
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Figure 3. Observed and expected 95% CL limit contours for (a) simplified model and (b) 
MSUGRA/CMSSM. The expected and observed limits are calculated without signal cross-section 
uncertainty taken into account. The yellow band is the ±la experimental uncertainty on the ex- 
pected limit (black dashed line). The red dotted lines are the ifcr signal theory uncertainty on 
the observed limit (red solid line). Linear interpolation is used to account for the discreteness of 
the signal grids. The exclusion contours are optimised by applying in each signal grid point the 
CL values from the more sensitive signal region (lowest expected CL). It should be noted that the 
y-axis does not start at zero for either plot. The LEP limit corresponds to the limit on the xf rnass 
in ref. [82], while the DO limit corresponds to the limit in the xt^Xi mass plane in ref. [13]. The 
hard to^ ^ < 40 GeV limit is from the LEP Z width measurement [83] . 
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U. Blumenschein^^, G.J. Bobbink^os^ y g^ Bobrovnikovi°'^ , S.S. Bocchetta^^ A. Bocci^^ 

C.R. Boddy^is, M. Boehler'^^ J. Boekl^^ T.T. Boek^^^^ N. Boelaert^^, J.A. Bogaerts^o, 

A. Bogdanchikov^o^, A. Bogouch^O-*, C. Bohmi^^a^ j_ Bohm^^s, V. Boisvert^^ T. Bold^^, 

V. Boldea^sa, N.M. Bolnet^^e^ M. Bomben^^^ Bona^^ M. Boonekampi^e , S. Bordoni^^ 

C. Borer^^, A. Borisov^^^, G. Borissov^^, I. Borjanovic^^'^, M. Borri^^, S. Borroni^^, 
J. Bortfeldt9^ V. Bortolottoi34a,i34b^ Bos^°^ D. Boscherini^o^, M. Bosman^^^ 

H. Boterenbrood^'^^, J. Bouchami^^, J. Boudreau^^'^, E.V. Bouhova-Thacker^^ , 

D. Boumediene^^, C. Bourdarios^^^, N. Bousson^^, A. Boveia^^, J. Boyd^°, I.R. Boyko^'^, 

I. Bozovic-Jelisavcic^^'^ , J. Bracinik^^, P. Branchini^^^'^, A. Brandt^, G. Brandt^^*^, 
O. Brandt^"^, U. Bratzler^^^ B. BrauS^ J.E. Brau^^"^, H.M. Braun^^^'*, 

S.F. Brazzale^*'^^'^*'^^ B. Brelier^^s^ j Bremer^o, K. Brendlingeri^o, R. Brenner^s^^ 
S. Bressler^'^^ D. Britton^^^ ^.M. Brochu^^, I. Brock^i, R. Brock^s, F. Broggi^^'', 

C. Bromberg^^, J. Bronner^^, G. Brooijmans^^, T. Brooks''^, W.K. Brooks^^*^, 

G. Brown^^, H. Brown^, P. A. Bruckman de Renstrom^^, D. Bruncko^^^^, R. Bruneliere^^ , 
S. Brunet''°, A. Bruni^o^, G. Bruni^Oa, M. Bruschi^o^, T. Buanes^^, Q. Buat5^ F. Bucci^*^, 
J. Buchanan"^ P. Buchholzi^\ R.M. Buckingham^^^ A.G. Buckley^^ S.I. Buda^^^, 
LA. Budagov^^, B. BudicklO^ V. Biischer^S L. Bugge^^^ O. Bulekov9^ A.G. Bundock'^^ 
M. Bunse^^, T. Buran"'^, H. Burckhart^o, S. Burdin^^ T. Burgess^^, S. Burke^^Q^ 

E. Busato^^, P. Bussey^^ CP. Buszellol6^ B. Butler^-^^^ J.M. Butler^^, G.M. Buttar^^^ 
J.M. Butterworth^^ W. Buttinger^s, S. Cabrera Urban^^'^, D. Cafovio^^^'^^^ , O. Cakir^^, 
P. Galafiura^^ G. Calderini^^^ P. Calfayan^^, R. Calkins^^^ L.P. Caloba^^^, 

R. Caloii32a,i32b^ Calvet^^, S. Galvet^^, R. Camacho Toro^^, P. Gamarrii33a,i33b^ 

D. Cameron^^^, L.M. Caminada^^, R. Caminal Armadans^^, S. Campana^'^, 
M. Campanelli^^ V. Canalei°2a,i02b^ p Ganelli^^ A. Ganepa^^^^, J. Cantero^o, 
R. Cantrill^s^ L. Capassoi°2a,i02b^ M.D.M. Capeans Garrido^o, I. Gaprini^ea^ 
M. Caprini^^'^, D. Gapriotti^^ M. Capua^'^'^'^^b , R. GaputoS\ R. Gardarelli^^^a^ 

T. GarlF, G. Garlino^^^a^ l. Garminati^^^'^^b^ b. Garon^^, S. Caroni04^ ^ Garqum32b, 
G.D. Garrillo-Montoya^^^b^ ^.A. Garter^^ J.R. Carter^^, J. Carvalhoi24a,i^ Casadeil°^ 
M.P. Casado^2^ M. Gascella^22a,i22b^ q Qg^ggSOa.sob,*^ Gastaneda Hernandez^^^j^ 

E. Gastaneda-Miranda^'^3^ V. Gastillo Gimenez^^^ N.F. Gastro^24a^ q Cataldi'^^a^ 
P. Gatastini^^, A. Gatinaccio^", J.R. Gatmore^", A. Gattai^", G. Gattani^33a,i33b^ 
S. Caughron^s, V. Gavaliere^''^ P. Cavalleri^^^ D. Cavalli^^^, M. Gavalli-Sforza^^ 

V. Gavasmnii22a,i22b^ p_ Ceradinii34a,i34b^ A_S_ Cerqueira^^b, A. Cerri^o, L. Cemto'^^, 
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F. Cerutti^^ S.A. Cetin^^b, A. Chafaq^^Sa^ Chakraborty^°^ I. Chalupkova^^^, 
K. Chan3, P. Chang^^s^ ^ ChapleauS^ J.D. Chapman^s, J.W. Chapman^^, 

E. Chareyre^^, D.G. Charlton^^, V. Chavda^^^ q a. Chavez Barajas^", S. Cheatham^^, 
S. Chekanov^, S.V. Chekulaevi^Sa^ g.A. Chelkov^^, M.A. ChelstowskalO^ C. Chen^^ 
H. Chen^s, S. Chen^^^, X. Chen^'^^ Y. Chen^s, Y. Cheng3\ A. Cheplakov^^, 

R. Cherkaoui El Moursli^^Se^ Chernyatin^s , E. Cheu^ S.L. Cheung^^s^ l Chevalier^^e^ 

G. Chiefarii°2a,i02b^ ^ Chikovani^i^'*, J.T. Childers^o, A. Chilingarov^\ G. Chiodini^^a^ 

A. S. Chisholml^ R.T. Chislett'^^ A. Chitan^^^, M.V. Chizhov''^ G. Choudalakis^^, 

S. Chouridou^^^, LA. Christidi'^^, A. Christov^^, D. Chromek-Burckhart^°, M.L. Chu^^\ 
J. Chudoba^25^ q Qig^pg^^^i32a,i32b^ ^ Ciftd^^, R. Ciftci^^, D. Cinca^^, V. Cindro^^ 
C. Ciocca^o^'^ob^ A. Ciociol^ M. CirillF, p. Cirkovici^b, z.H. Citroni^^ M. Citterio^S'^ , 
M. Ciubancan26a, A. Clark^^ P.J. Clark^^, R.N. Clarkel^ W. Cleland^^s^ j q Clemens^^^ 

B. Clement5^ C. Clementi'"5a,i46b^ y. Coadou'^^^ M. Cobali64a,i64c^ Coccaro^^s, 

J. Cochran^s, L. Coffey^^, J.G. Cogani^^ J. Coggeshall^6^ E. Cognerasl^^ J. Colas^ 
S. Colei°6, A.P. Colijn^os^ ^ j Collms^^^ C. Collins-ToothS^ , J. Collot^^^ 
T. Colombo"^^'"^'^, G. Colon^"^, G. Compostella9^ P. Conde Muihoi24a^ ^ Coniavitisl6^ 
M.C. Conidi^^, S.M. Consonni^^^'^^'^, V. Consorti'^^, S. Constantinescu^'^'', 

C. Conta^^^^'i^^^, G. Conti^^, F. Conventi^o^a.fc^ Cooke^^ B.D. Cooper^^ 

A.M. Cooper-Sarkar^^*^, K. Copic^^, T. Cornelissen^''^, M. Corradi^"'', F. Corriveau^^'^ 
A. Cortes-Gonzalezl6^ G. Cortiana^^ G. Costa^^^, M.J. Costa^^^ D. Costanzo^^^ 

D. Cote^o, L. Coumeyea^*^^ G. Cowan7^ C. Cowden^s, B.E. Cox^^, K. Cranmer^o^ 

F. Crescioli'^*, M. Cristinziani^^ , G. Crosetti^ '''^'^'^'^ , S. Crepe-Renaudin^^ , 

C. -M. Cuciuc^^^, C. Cuenca Almenar^'^^, T. Cuhadar Donszelmann^^^, J. Cummings^^^, 
M. Curatolo'^^ C.J. Curtisl^ C. Cuthberti^o^ p. Cwetanski^o, H. Czirr^'^i, 

P. Czodrowski^'*, Z. Czyczulal■^^ S. D'Auria^^^ M. D'Onofrio'^^^ A. D'Orazio^32a,i32b^ 
M.J. Da Cunha Sargedas De Sousa^24a^ q y^^82^ Dabrowski^^, A. Dafinca^^^ 
T. DaiS'^, C. DallapiccolaS^ M. Dam^^, M. Dameri^^^'^o'^, D.S. Damiani^^r^ 

H. O. Danielsson^o, V. Dao^^ G. Darbo^"^, G.L. Darlea^^^, J.A. Dassoulas^^^ W. Davey^^, 
T. Davidek^^T^ DavidsonS^ R. Davidson'^\ E. Davies^^^''', M. Davies'^^ 

O. Davignon^^, A.R. Davison''^, Y. Davygora^^^, E. Dawe^^^, I. Dawson^^^, 
R.K. Daya-Ishmukhametova^^, K. De^, R. de Asmundis^^^'^, S. De Castro^°'^'^°'^, 
S. De Cecco^^ J. de Graat9^ N. De Grooti°^, P. de Jongio^, C. De La Taille^l^ 
H. De la Torre^^, F. De Lorenzi^^ L. de Mora'^i, L. De Nooijl°^ D. De Pedisi32a^ 

A. De Salvo^^^a^ ^ Sanctis^'54a,i64c^ ganto^^^ J.B. De Vivie De Regiel^^ 

G. De Zorzii32a,i32b^ ^ Dearnaley'^\ R. Debbe^^, C. Debenedetti'^^, B. Decllenaux5^ 

D. V. Dedovich^'^, J. Degenhardt^^o^ PesoSO, T. Del Prete^22a,i22b^ rj, Dgiemontex^^ 
M. Deliyergiyev^^, A. Dell'Acqua^o, L. DeH'Asta^^, M. Delia Pietra^°2a,fc^ 

D. della Volpei°2a,i02b^ Delmastro^ P.A. Delsart5^ C. Deluca^°^ S. Demers^■^^ 
M. Demichev'^'', B. Demirkoz^^.m^ g p_ Denisov^^*^, D. Derendarz^'^ , J.E. Derkaoui^^^'^ , 
F. Derue^^, P. Dervan^^ K. Desch^^, E. Devetak^^^ P.O. Deviveiros^°^ A. Dewhurst^^g^ 

B. DeWildel4^ S. Dhaliwali^s^ R. DhuUipudi^S'", A. Di Ciaccio^^^^'^'i^^^'^, L. Di Ciaccio^ 

C. Di Donatoi°2a,i02b^ ^ Qirolamo^o, B. Di Girolamo^o, S. Di Luisei34a,i34b^ 

A. Di Mattiai'^^^ B. Di Micco^o, R. Di Nardo^^ A. Di Simonei33a,i33b^ ^ gjpiQ20a,20b^ 
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M.A. Diaz32a, E.B. DiehF, J. Dietrich^^^ T.A. Dietzsch^*^^, S. Diglio^^^ 

K. Dindar Yagd^°, J. Dingfelder^i, F. Dinut^e^, c. Dionisii32a,i32b^ p_ Dita26a^ s. Dita^^^, 

F. Dittus^o, F. Djama^^, T. Djobava^^^, M.A.B. do Vale2'^^ A. Do Valle Wemans^24a,o^ 

T.K.O. Doan^ M. DobbsS^ D. Dobos^o, E. Dobson^O'P, J. Dodd^s, C. Doglioni'^^ 

T. Doherty^^^ y. Doi*^^'*, J. Dolejsi^^?^ j Dolenc^'', Z. Dolezal^^?^ g ^. Dolgoshein^^-*, 

T. Dohmae^ss, M. Donadelli^^d, J. Donini^^, J. Dopke^o, A. Doria^^^a^ j^^g Anjos^'^^^ 

A. Dottii22a,i22b^ ]^ rj,_ j^^^^YO ^ j^ j^ Doxiadisl°^ A.T. Doyle^^^ N. Dressnandt^^o^ 

M. Dris^", J. Dubbert^^ S. Duhe^^, E. Duchovni^'^^ ^ q Duckeck9^ D. Dudal^^ 

A. Dudarev^o, F. Dudziak6^ M. Diihrssen^o, LP. Duerdoth^^^ l Duflot"^ 
M-A. DufourS^ L. Duguid^^ M. Dunford^^^, H. Duran Yildiz"^^, R. Duxfield^^s, 

M. Dwuznik^s, M. Diiren^^^ Ebenstein''^ , J. Ebke^^, S. Eckweiler'^^ K. Edmonds^^ 

W. Edson2, C.A. Edwards^^^ N.C. Edwards^^ W. Ehrenfeld^^^ t. Eifert^^^^ G. Eigen^^, 
K. Einsweiler^s, E. Eisenhandler^^^ T. Ekelofl6^ M. El Kacimi^^Sc^ Ellert^^e^ S. Elles^ 
F. EllinghausS^ K. Ellis^^, N. Ellis^o, J. Elmsheuser^s, M. Elsing^o, D. Emeliyanov^^Q^ 
R. Engelmann^'^^, A. Engl^®, B. Epp'^^ J. Erdmann^^, A. Ereditato^^, D. Eriksson^^^'^, 
J. Ernst^, M. Ernst^^, J. Ernwein^^e^ Errede^'^^ S. Errede^'^^ E. Ertel^\ 
M. Escalier^i^ H. Esch^^, C. Escobar^^a^ ^ Espinal Curull^^^ ^ Esposito'^^, 
F. Etienne^^, A.I. Etienvre^^*^ , E. Etzion^^^, D. Evangelakou^^ , H. Evans'^°, 
L. Fabbri^O'^'^ob^ c. Fabre^^, R.M. Fakhrutdinov^^s^ Falciano^^^a ^ Y. Fang^S'^, 

M. Fanti^^'^'^^'^, A. Farbin^ A. Farilla^^''^, J. Farley^^^ T. Farooquel^^ S. Farrelll^^ 
S.M. Farrington^'^o, P. Farthouat^^, F. Fassi^*^'^, P. Fassnacht^^, D. Fassouliotis^ , 

B. Fatholahzadeh^ss, A. Favareto^^^'^^'", L. Fayard"^ S. Fazio^^^'^^b ^ r. Febbraro^^, 
P. Federic^'''*'', O.L. Fedin^^i^ ^^ FedorkoS^ M. Fehling-Kaschek^^ , L. Feligioni^^^ 

C. Feng33<^, E.J. Feng*^, A.B. Fenyuk^^s^ j Perencei^''^'^ , W. Fernando*^, S. Ferrag^^, 
J. Ferrando^^, V. Ferrara^^^ A. Ferrari^^^, P. Ferrari^'^^, R. Ferrari^^^'^, 

D. E. Ferreira de Lima^^, A. Ferrer^^^, D. Ferrere^^, C. Ferretti^'', 

A. Ferretto Parodi^°^'^°^, M. Fiascaris^\ F. Fiedler^S A. Filipcic'^^, F. Filthaut^°'', 

M. Fincke-Keeler^*^^ M.C.N. Fiolhaisi24a,i^ ^ Fiorini^^^ A. Firan^°, G. Fischer^^^ 

M.J. Fisher^o^ M. Flechl4^ I. Flecki^\ J. Fleckner8\ P. Fleischmann^^^ 

S. Fleischmann^^^ T. Flick^■^^ A. Floderus'^^, L.R. Flores Castillo^'^^, M.J. Flowerdew^^, 

T. Fonseca Martin^'^, A. Formica^^^, A. Forti®^^ d Fortin^^^'^, D. Fournier^^^, 

A.J. Fowler^'S, H. Fox^^ P. Francavilla^^ ^ Franchini20a,20b^ Franchino^^^^'^^^'', 

D. Francisco, T. Frank^^^^ Franklin^'^, S. Franz^o, M. Fraternali^^^^'^^^^, S. Fratma^^o, 

S.T. Frenches, C. Friedrich''^ , F. Friedrich^^, R. Froeschl^", D. Froidevaux^" , J.A. Frost^s, 

C. Fukunagal^^ E. FuUana Torregrosa^" , B.G. Fulsom^^^ J. Fuster^^^, C. Gabaldon^o, 

0. Gabizon^^^^ T. Gadfort^^, S. Gadomski^^ G. Gagliardi^o^'^^^, P. Gagnon'^o, 

C. Galea9^ B. Galhardoi24a^ ^ j Gallasl^^ V. Gallo^^ B.J. Gallop^^Q^ p_ Qallus^^s^ 
K.K. Gan^o^ Y.S. Gao^^^.g^ a. Gaponenkol^ F. Garberson^^^ M. Garcia-Sdveres^^ 
C. Garci'a^'^'^, J.E. Garcia Navarro^*^"^ , R.W. Gardner^\ N. Garelli^°, H. Garitaonandia^°^ , 
V. Garonne^o, C. GattF, G. Gaudio^^^^, B. Gaur^^^, L. Gauthier^^e, p. Gauzzii32a,i32b^ 

1. L. Gavrilenko9^ C. Gay^^s^ q Qaycken^i, E.N. Gazis^o, P. Ge^^d, Z. Gecse^^s, 
C.N.P. Geei29^ D.A.A. Geerts^o^^ Ch. Geich-Gimbel^i , K. Gellerstedt^^^a.Meb^ 
C. Gemme^o^, A. Gemmell5^ M.H. Genest5^ S. Gentile^32a,i32b^ George^^, 
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S. George'^^, P. Gerlach^''^, A. Gershon^^^, C. Geweniger^^*^, H. Ghazlane^^^*^ , 

N. Ghodbane^'^, B. Giacobbe^o^, S. Giagui32a,i32b^ y_ Giakoumopoulou^ , 

V. Giangiobbei2, F. Gianotti^o, B. Gibbard^s, A. Gibson^^s^ gj^i. Gibson^o, 

M. Gilchriesel^ D. Gillberg^^, A.R. Gillmani^s, D.M. Gingrich^'/, J. Ginzburg^^s^ 

N. Giokaris^ M.P. Giordanii64c^ ^ Giordanoi°2a,i02b^ p jy^ Giorgi^e, p. Giovannini^^ , 

P.F. Giraud^^e^ p,^ Giugni^^^, M. Giunta^^^ B.K. Gjelsten^^^ L.K. Gladilin^^, 

C. Glasman^o, J. Glatzer^i, A. Glazov^^^ K.W. Glitzal^^ G.L. Glonti''^ J.R. Goddard7^ 

J. Godfreyi^2^ J. GodlewskF, M. Goebel''^, T. Gopfert^^ C. Goermger8\ C. Gossling^^^ 

S. Goldfarb^^ T. Gollingl^^ A. Gomes^24a,c^ l.S. Gomez Fajardo-^^ R. Gongalo■^^ 

J. Goncalves Pinto Firmino Da Costa^^, L. Gonella^^, S. Gonzalez de la Hoz^^^, 

G. Gonzalez Parra^^, M.L. Gonzalez Silva^"^, S. Gonzalez-Sevilla^^, J.J. Goodson^^^, 
L. Goossens^°, P.A. Gorbounov^^, H.A. Gordon^^, I. Gorelov^^^, G. Gorfine^'^^, 

B. Gorini^o, E. Gorini'^2a,72b^ Gorisek'^^ E. Gornicki^s, A.T. Gosliaw^ M. Gosselink^os^ 
M.I. Gostkin^^, I. Gough Eschrich^^s ^ Gouighri^^Sa^ j3_ Goujdamii^Sc^ M.P. Goulette^^ 
A.G. Goussiou^^s, C. Goy^ S. Gozpinar^s, I. Grabowska-Bold^^ , P. Grafstrom20^'20b ^ 
K-J. Grahn^^, E. Gramstad^^^, F. Grancagnolo^^** , S. Grancagnolo^^ , V. Grassi^^^, 

V. Gratchev^^i, N. Grau^^, H.M. Gray^o, J.A. Gray^^^ E. Graziani^34a^ 
O.G. Grebenyuk^^^, T. Greenshaw^'^ , Z.D. Greenwood^^'", K. Gregersen^^, I.M. Gregor^^, 
P. Grenieri'^^^ J. Griffiths^ N. Grigalasllvili6^ A.A. Grillo^^^ S. Grinstein^^ Ph. Gvis^^, 
Y.V. Grishkevich^^, J.-F. Grivaz^^^, E. Gross^^^, J. Grosse-Knetter^^, J. Groth-Jensen^^^^ 
K. Grybel^^i, D. Guest^^^^ C. Guicheney^^ , E. Guido^o^'SO^, S. Guindon^^, U. GuF, 
J. Guntheri25, B. Guo^^^, J. Guo^^, P. Gutierrez^ii, N. Guttmani^s, O. Gutzwiller^^^^ 

C. Guyoti36, C. Gwenlan^i^ C.B. Gwilliam^^^ A. Haasl°^ S. Haas^o, C. Haber^^, 

H. K. Hadavand^ D.R. Hadley^^ P. Haefner^^, F. Hahn^o, Z. Hajduk^^, H. Hakobyan^'^^ 

D. Hall^l^ K. Hamacheri^s^ P. Hamal^^^^ K. HamanoS^ M. Hamer^^, A. Hamiltoni^^b,?^ 
S. Hamiltoni6\ L. Han^^^, K. Hanagaki"^ K. Hanawa^^^, M. Hancel^ C. HandelS^ 

P. Hanke^^'^, J.R. Hansen^^, J.B. Hansen^^, J.D. Hansen^^, P.H. Hansen^^, P. Hansson^^^, 

K. Hara^^*^, T. Harenberg^^^, S. Harkusha^'^, D. Harper^^, R.D. Harrington^^ , 

O.M. Harris^^^, J. Hartert^^, F. Hartjes^°^, T. Haruyama*"^ , A. Harvey^'', S. Hasegawa^°\ 

Y. Hasegawa^^°, S. Hassani^^'^, S. Haug^"^, M. Hauscliild^° , R. Hauser^^, M. Havranek^^ 

CM. Hawkes^*^, R.J. Hawkings^o, A.D. Hawkins^^ T. Hayakawa^^, T. Hayaslii^^o ^ 

D. Hayden^e^ CP. Hays"^ H.S. Hayward^^ S.J. Haywood^^g^ g j Head^^^ V. Hedberg^^, 

L. Heelan^, S. Heim^^°, B. Heinemann^^ , S. Heisterkamp^^ , L. Helary^^, C. Heller^^, 

M. Heller^o, S. Hellmani'^Sa.Meb^ p, Hellmicli^i, C. Helsens^^ R.C.W. Henderson7\ 

M. Henke^^*^, A. Henrichs^^^, A.M. Henriques Correia^°, S. Henrot-Versille^^^, 

C. Hensel^^, CM. Hernandez^, Y. Hernandez Jimenez^^''', R. Herrberg^^, G. Herten^^, 
R. Hertenberger^^, L. Hervas^'^, G.G. Hesketh^^, N.P. Hessey^'^^, E. Higon-Rodriguez^^^, 
J.C HilP, K.H. Hiller^^ S. Hillert^i, S.J. Hillierl^ I. Hinchliffe^^ E. Hines^^o^ 

M. Hirosell^ F. Hirsch'^^ D. Hirschbuehll^^ J. Hobbs^^^ N. Hod^^^ 

M.C Hodgkinson^^^, P. Hodgson^^^, A. Hoecker^o, M.R. Hoeferkamp^^^ J. Hoffman^°, 

D. Hoffmann83, M. HohlfeldS\ M. Holder^^i, S.O. Holmgren^^Sa^ rj. jjoly^^e, 
J.L. Holzbauer^^, T.M. Hong^^o^ l_ Hooft van Huysduynen^°^, S. Horner^^, 

J-Y. Hostachy^^, S. Hou^^^, A. Hoummada^^^'^, J. Howard^^^, J. Howarth^^, I. Hristova^^, 
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J. Hrivnac"^ T. Hryn'ova^ P.J. Hsu®\ S.-C. Rsu^\ D. Hu^^, Z. Hubacek^^e, 

F. Hubaut^^, F. Huegging^i, A. Huettmann''^ , T.B. Huffman^^^, E.W. Hughes^^, 

G. Hughes^\ M. Huhtinen^o, M. Hurwitz^^, N. Huseynov^^.'', J. Huston^^, J. Huth^^, 

G. lacobucci^^, G. lakovidis^*^, M. Ibbotson®^, I. Ibragimov^^^ , L. Iconomidou-Fayard^^^, 
J. Idarraga^^^, P. lengo^'^^'^, O. Igonkina^°^, Y. Ikegami^^, M. Ikeno^^, D. Iliadis^^^, 
N. Ilicl5^ T. Ince^s, P. loannou^ M. lodice^^'^'^, K. lordanidou^ V. Ippolito^32a,i32b^ 
A. Irles Quiles^^'^, C. Isaksson^'^^, M. Ishino^^, M. Ishitsuka^^^, R. Ishmukhametov^°^ , 

C. Issever^l^ S. Istin^^^, A.V. Ivashin^^s^ Iwanski^^, H. Iwasaki^s, J.M. Izen^\ 
V. Izzo^°2a^ ^ Jackson^^o^ Jackson■^^ P. Jackson\ M.R. JaekeF, V. Jain''°, 

K. Jakobs^^ S. Jakobsen^^, T. Jakoubek^^s^ j jakubek^^e, D.O. Jamin^5\ D.K. Jana^^\ 

E. Jansen^^, H. Jansen^'', J. Janssen^^, A. Jantsch^^, M. Janus^*^, R.C. Jared^^^, 

G. Jarlskog^^, L. Jeanty^^, I. Jen-La Plante^^, D. Jennens^^, P. Jenni^'^, 

A.E. Loevschall-Jensen36, P. Jez^e, S. Jezequel^ M.K. Jha^o^^, H. Ji^^^ W. J. Jia^^^^ 

Y. Jiang^^*^, M. Jimenez Belenguer^^, S. Jin^^'*, O. Jinnouchi^^^, M.D. Joergensen^^, 

D. Joffe^o, M. Johanseni46a,i46b^ Johansson^^^a^ Johanssoni^s, S. Johnert''2, 

K.A. Johns^ K. Jon-And^'^'^'^'i'''^'', G. Jones^^^, R.W.L. Jones'^\ T.J. Jones^^ C. Joram^o, 
P.M. Jorge^24a^ j3 joshi82^ j_ jovicevic^^^ T. Jovin^^b^ x. Ju^^^ C.A. Jung^^ 
R.M. Jungst^^, V. Juranek^25^ p_ jussel6\ A. Juste Rozas^^^ S. Kabana^^, M. Kaci^^^, 
A. Kaczmarska^^, P. Kadlecik^^, M. Kado^^^ H. Kagan^^^, M. Kagan^^, 

E. Kajomovitz^^^, S. Kalinin^^^, L.V. Kalinovskaya'^^ , S. Kama^°, N. Kanaya^^^, 

M. Kaneda^o, S. Kaneti^^, T. Kanno^^'^, V.A. Kantserov9^ J. Kanzaki^^, B. Kaplan^o^, 
A. Kapliy^-*^, J. Kaplon'^'^, D. Kar^^, M. Karagounis^^ , K. Karakostas^°, M. Karnevskiy^^, 
V. Kartvelishvili'^i, A.N. Karyukhin^^s, L. Kashif^'^^ G. Kasieczka^^'^ , R.D. Kass^^^ 

A. Kastanas^^, M. Kataoka^, Y. Kataoka^^^, E. Katsoufis^°, J. Katzy^^^ KaushiF, 
K. Kawagoe'^^, T. Kawamoto^5^ G. Kawamura8\ M.S. Kayll°^ S. Kazamal^^ 

V.F. Kazanin^o^ M.Y. Kazarinov^'' , R. Keeler^''^ P.T. Keener^^o^ p^ Kehoe^°, M. KeiF, 

G. D. Kekelidze6^ J.S. Keller^^s^ Kenyon5^ O. Kepka^^s^ Kerschen^o, 

B. P. Kersevan''^, S. Kersten^'^^, K. Kessoku^^^, J. Keung^^^, F. Khalil-zada^-^ , 

H. Khandanyan^^'^'^'i'''^'^, A. Khanov"^ D. Kharchenko^^, A. Khodinov9^ A. Khomich^^^, 
T.J. Khoo^^, G. Khoriauli^^ A. Khoroshilov^'^^ , V. Khovanskiy^^ , E. Khramov^'', 

J. Khubua^ib, H. Kim^^^a.ueb^ g jj_ Kimi^o, N. Kimura^7\ O. Kind^^ B.T. King^^ 
M. KingSe, R.S.B. King^^^ J. Kirk^^s, A.E. Kiryunin^^, T. Kishimoto^^, 

D. Kisielewska^s, T. Kitamura'^^ , T. Kittelmann^^s, K. Kiuchi^^o, E. Kladiva^^'^'", 

M. Klein'^3^ U. Klein^^^ K. Kleinknecht8^ M. Klemetti8^ A. Klier^^^ P. Klimek^^ea.ueb^ 
A. Klimentov^^ , R. Klingenberg^^, J. A. Klinger^^, E.B. Klinkby^^, T. Klioutchnikova^" , 
P.F. Klok^o^ S. Klous^°^ E.-E. Kluge^^^, T. Kluge'^^^ P. Kluitl°^ S. Kluth^^ 

E. Knermger6\ E.B.F.G. Knoops^^^ A. Knue^^, B.R. Ko^^ T. Kobayashil5^ M. Kobel^^, 
M. Kocian^^^^ P. Kodys^^?^ ^ Koneke^o, A.C. K6nigi°^, S. KoenigS\ L. K6pke'^\ 

F. Koetsveld^O"^, P. Koevesarki^^ T. Koffas^^, E. Koffemanl°^ L.A. Koganl^^ 

S. Kohlmann^'^^ F. Kohn5^ Z. Kohout^^e^ rp_ Kohriki6^ T. Koi^^^ G.M. Kolacheyi"^'*, 
H. Kolanoskiie, V. Kolesnikov^^ , I. Koletsou^*^'^, J. Koll8^ A.A. Komar^^, Y. Komorii^s, 
T. Kondo*'^ T. Kono^^,*^ j^j Kononov^^, R. Konoplich^o^.t^ Konstantinidis^'^, 
R. Kopeliansky^^^^ g_ Koperny^^, K. KorcyP, K. Kordas^^^, A. Korn^^*, A. Korol^"'', 
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I. Korolkov^^, E.V. Korolkova^'^^ , V.A. Korotkov^^^, O. Kortner^^, S. Kortner^^, 

V.V. Kostyukhin^i, S. Kotov^^ V.M. Kotov^^, A. Kotwal^^ C. Kourkoumelis^ 

V. Kouskoura^^^, A. Koutsmani^Sa^ Kowalewski^^g ^ rj. ^ Kowalski^^, W. Kozanecki^^e , 

A.S. Kozhin^^^, V. Kral^^^, V.A. Kramarenko^^, G. Kramberger'^^ , M.W. Krasny^^, 

A. Krasznahorkay^''^ , J.K. Kraus^^, S. Kreiss^°®, F. Krejci^^^, J. Kretzschmar'^'^ , 

N. Krieger^'*, P. Krieger^^^, K. Kroeninger^^, H. Kroha^^, J. Kroll^^'', J. Kroseberg^^, 

J. Krstic^^^, U. Kruchonak^^, H. Kriiger^^, T. Kruker^'', N. Krumnack^^, 

Z.V. Krumshteyn6^ M.K. Kruse^^ T. KubotaS^ S. Kuday^'^, S. Kuehn^^ A. KugeF^ 

T. Kuhl^^ D. Kuhn^i, V. Kukhtin''^ Y. Kulchitsky^" , S. Kuleshov^^b, C. Kummer9^ 

M. Kuna'^^ J. Kunkle^^o^ ^ Kupco^^s^ jj_ Kurashige6^ M. Kurata^^o, Y.A. Kurochkin'^o, 

V. Kus^25^ E_s_ Kuwertzi47^ M. Kuze^^^ J. Kvita^^^ R. Kwee^^, A. La Rosa^^ 

L. La Rotonda37'^'37^, L. Labarga^o, J. Labbe^ S. Lablak^^Sa^ q Lacasta^^^ 

F. Lacavai32a,i32b^ Lacey^^, H. Lacker^^ D. Lacour'^^, V.R. Lacuesta^^^, E. Ladygin^^, 
R. Lafaye^, B. Laforge^®, T. Lagouri^^^, S. Lai^^, E. Laisne^^, L. Lambourne^^, 

C.L. Lampen'', W. Lampl''', E. Lancon^^^, U. Landgraf"^^, M.P.J. Landon'''^, V.S. Lang^^*^, 
C. Lange''^, A.J. Lankfordl6^ F. Lanni^^, K. Lantzsch^o, A. Lanza^^^^, S. Laplace'^^ 

C. Lapoire2\ J.F. Laporte^^*^, T. Lari^^'', A. Larner^^^, M. Lassnig^^, P. Laurelli''^, 
V. Lavorini^'^'^'^'^^, W. Lavrijsen^^, P. Laycock'^^, O. Le Dortz'^^, E. Le Guirriec*^^, 

E. Le Menedeu^^^ T. LeCompte^ F. Ledroit-Guillon5^ H. Lee^°^ J.S.H. Lee^l^ 
S.C. Lee^5\ L. Lee^^^ M. Lefebvre^6^ M. Legendre^^e^ p Legger^s, C. Leggett^^ 

M. Lehmacher^i, G. Lehmann Miotto^°, A.G. Leister^'^'^^ M.A.L. Leite^"^*^, R. Leitner^^T^ 

D. Lellouch^ ''2 , B. Lemmer^^, V. Lendermann^^^, K.J.C. Leney^^^'', T. Lenz^°^, 

G. Lenzenl■^^ B. Lenzi^o, K. Leonhardt^^, S. Leontsinis^", F. Lepold^^^, C. Leroy9^ 
J-R. Lessard^*^^, C.G. Lester^^, C.M. Lester^^o^ j_ Leveque^, D. Levin^'', L.J. Levinson^''^^ 
A. Lewis^l^ G.H. Lewis^o^ A.M. Leyko^^, M. Leytoni^, B. Li^^b, B. Li^^, H. Li^^^ 

H. L. Li^i, S. Li^^'^''^, X. Li^^ Z. Liang^^^'^ H. Liao^^, B. Liberti^^^'^, P. Lichard^^, 
M. Lichtnecker^^ , K. Lie^^^, W. Liebig^^, C. Limbach^^, A. Limosani^^, M. Limper^^, 
S.C. Lin^s^'"', F. Lmdel°^ J.T. LmnemannS^ E. Lipeles^^o^ Lipniacka^^, T.M. Liss^6^ 
D. Lissauer^s, A. Lister''^ A.M. Litke^^T^ q ^^^^29^ Liu^^^, H. Liu^^ J.B. Liu^^ 

L. Liu^^ M. Liu^^b, y. Liu^^b, M. Livan"^^'"^'^, S.S.A. Livermorel^^ A. Lleres5^ 
J. Llorente Merino^°, S.L. Lloyd'^^, E. Lobodzinska^^, P. Loch^, W.S. Lockman^^'^, 
T. Loddenkoetter^i, F.K. Loebinger^^^ A. Logmov^'^6^ q Loh.^^^, T. Lohse^^, 
K. Lohwasser^^, M. Lokajicek^^^, V.P. Lombardo^, R.E. Long'^^, L. Lopes-^^^'^, 

D. Lopez Mateos^^, J. Lorenz^*^, N. Lorenzo Martinez^^^, M. Losada^^^, P. Loscutoff^^, 

F. Lo Sterzo^32a,i32b^ Losty^^^^'*, X. Lou^\ A. Lounis^l^ K.F. Loureiro^^^^ J. Love^, 
P.A. Love'^\ A.J. Lowe^''^'^', F. Lu^^a^ jj j Lubatti^3^ C. Luci^32a,i32b^ Lucotte5^ 

A. Ludwig^^, D. Ludwig^^, L Ludwig^^, J. Ludwig"^^, F. Luehring^", G. Luijckx^"^, 

W. Lukas^^, L. Luminari^^^'^, E. Lund^^"^, B. Lund-Jensen^^''', B. Lundberg'''^, 

J. Lundberg^^6a,i46b^ q Lundberg^^^^'^^^'^, J. Lundquist3^ M. Lungwitz^^^, D. Lynn^^, 

E. Lytken^^ H. Ma^^, L.L. Ma^'^^^ G. Maccarrone''^ A. Macchiolo^^ B. Macek^^, 
J. Machado Miguens^^^^, D. Macina^°, R. Mackeprang^^ , R.J. Madaras^^, 

H.J. Maddocks'^\ W.F. Mader4^ R. Maenner^s^, T. Maeno^^, P. Mattig^^^ S. Mattig^^^ 
L. Magnoni , E. Magradze^'', K. Mahboubi^^, J. Mahlstedt^o^ S. Mahmoud^^^ 
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G. Mahoutl^ C. Maiani^^e^ q Maidantchik^^^, A. Maioi24a,c^ Majewski^^, 

Y. Makida6^ N. Makovec"^ P. Mal^^e^ ^ Malaescu^o, Pa. Malecki^^, P. Malecki^^, 

V.P. Maleevi2i, F. Malek^s, U. Mallik62, D. Malon^, C. Malone^''^^ S. Maltezos^^ 

V. Malyshev^o^, S. Malyukov^o, R. Mameghani^^ , J. Mamuzic^^'", A. Manabe^^, 

L. Mandelli^^^, I. Mandic'^'', R. Mandrysch^^^ Maneira^24a^ Manfredini^^, 

L. Manhaes de Andrade Filho^^'', J. A. Manjarres Ramos^^^, A. Mann^^, 

P.M. Manning^^'^, A. Manousakis-Katsikakis'^ , B. Mansoulie^^*^ , A. Mapelli^°, 

L. Mapelli^°, L. March^*^'^, J.F. Marchand^^, F. Marchese^^^^'^^^'', G. Marchiori'^^ , 

M. Marcisovsky^^^, CP. Marino^'^^, F. Marroquim^^^, Z. MarshalF, L.F. Marti^^, 

S. Marti-Garcia^'^'^, B. Martin^^, B. Martin^^, J.P. Martin^^, T.A. Martin^^, 

V.J. Martin^s^ ^ Martin dit Latour^^, S. Martin-Haugh^^^ , M. Martinez^^^ 

V. Martinez Outschoorn^'^, A.C. Martyniuk^'^^ , M. Marx^^^ p_ Marzano^^^*^, A. Marzin^^^ 

L. Masetti^^ T. Mashimo^^^, R. Mashinistov*^^ , J. Masik^^^ ^.L. Maslennikov^"'^ , 

I. Massa^Oa.sob^ q Massaro^°^, N. Massol^, P. Mastrandrea^''^ , A. Mastroberardino^^'^'^'^'" , 

T. Masubuchi^^^, P. Matricon^^^, H. Matsunaga^^^ , T. Matsushita^'^ , C. Mattravers^^^''^, 

J. Maurer'^^, S.J. Maxfield^^, D.A. Maximov^"'^''', A. Mayne^^^, R. Mazini^^\ 

M. Mazur^i, L. Mazzaferro^^^'''^^^'', M. Mazzanti^^"", J. Mc Donald^^, S.P. Mc Kee^^, 

A. McCarnl6^ R.L. McCarthy^^^ T.G. McCarthy^^, N.A. McCubbin^^g^ 

K.W. McFarlane^^'*, J.A. Mcfayden^^g^ q Mchedlidze^^'^ , T. Mclaughlan^^ 

S.J. McMahoni29, R.A. McPherson^^S'^, A. Meade^"^, J. Mechnichl°^ M. Mechtell^^ 

M. Medinnis^^^ Meehan^^, R. Meera-Lebbai^^\ T. Meguro"*^, S. Mehlhase^*^, 

A. Mehta'^^, K. Meier^^^", B. Meirose'^^, C. Melachrinos3\ B.R. Mellado Garcia^^^^, 

F. Meloni89^'89b, l. Mendoza Navas^^^^ Z. Meng^^i.x^ Mengarelli^O'^'^ob, s. Menke^^^ 

E. Meoni^si^ ^jvi. Mercurio^^ P. Mermod^s, L. Merola^02a,i02b^ q Meroni^S'^, 

F. S. Merritt^^ H. Merritt^^Q^ Messina^o.s/, J. Metcalfe^^, A.S. Mete^^^^ C. Meyer^^, 

C. Meyer^i, J-P. Meyer^^e^ Meyeri'^^, J. Meyer^^, S. Michal^o, L. Micu^^^, 
R.P. Middleton^29^ g^ Migas'^^, L. Mijovic^^*^, G. Mikenberg^'^^ ^ Mikestikova^^^ , 
M. Mikuz'^^ D.W. Miller^^, R.J. MillerS^ W.J. Millsl^^ C. Mills^^ A. Milov^'^^^ 

D. A. Milstead^^^'^'i^'^^, D. Milstein^^^ A. A. Minaenko^^s^ Minano Moyal6^ 

LA. Minashvili^^, A.I. Mincer^°^, B. Mindur^^, M. Mineev^^, Y. Ming^'^^, L.M. Mir^^^ 

G. Mirabellii32a^ Mitrevski^^^, y.A. Mitsou^^^, S. Mitsui6^ P.S. Miyagawa^^g^ 
J.U. Mjornmark^^, T. Moa^^^a.ueb^ Moeller^s, K. Monig^^ N. Moser^^, 

S. Mohapatral4^ W. Mohr^^^ R. Moles- Valls^^^, A. Molfetas^o, J. MonF^ E. Monnier^^, 

J. Montejo Berlingen^^^ Monticelli^° , S. Monzani^Oa.sob^ Moore^, 

G.F. Moorhead^'5, C. Mora Herrera'^'^, A. Moraes^^, N. Morange^^'^, J. Morel^"^, 

G. Morello^^'''^'^^, D. Moreno^\ M. Moreno Llacer^'^'^, P. Morettini^°'", M. Morgenstern'''^ , 

M. Morii^^, A.K. Morley^°, G. Mornacchi^^, J.D. Morris^^, L. Morvaj^°\ H.G. Moser*^^, 

M. Mosidze^^^, J. Moss^°^, R. Mount^^^ E. Mountricha^°'^ S.V. Mouraviev^^'*, 

E. J.W. Moyse*^^, F. Mueller^^^^, J. Mueller^^a^ ^ Mueller^^, T.A. Muller9^ T. Mueller^S 
D. Muenstermann^o, Y. Munwes^^^, W.J. Murray^^'^, I. Mussche^"^, E. Musto^^^, 

A.G. Myagkovi28^ Myska^^s^ q Nackenhorst^^, J. Nadal^^ K. Nagai^^o^ ^ Nagai^^^, 
K. Nagano*^^, A. Nagarkar^^^, Y. Nagasaka^^, M. Nagel'^^, A.M. Nairz^", Y. Nakahama^o, 
K. Nakamura^^^, T. Nakamura^^^ , I. Nakano^^°, G. Nanava^^ A. Napier^^^ 
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R. Narayan^®*', M. Nash^'^'^, T. Nattermann^^ T. Naumann^^, G. Navarro^*^^, 

H.A. NeaF, P.Yu. Nechaeva'^^, T.J. Neep^^ A. Negri"^'^'"^'^, G. Negrito, M. NegW^, 

S. Nektarijevic^9, A. Nelson^ss, T.K. Nelson^'^^ S. Nemecek^^s^ Nemethyio^, 

A.A. Nepomuceno^'^'', M. Nessi^^'"'", M.S. Neubauer^^^^ , M. Neumann^'^^, A. Neusiedl^^ 

R.M. Neves^°^, P. Nevski^^, F.M. Newcomer^^o^ Newman^^, V. Nguyen Thi Hong^^'^, 

R.B. Nickerson^^^, R. Nicolaidou^^^ , B. Nicquevert^° , F. Niedercorn^^^, J. Nielsen^^''', 

N. Nikiforou3^ A. Nikiforov^^ V. Nikolaenko^^s ^ Nikolic- Audit ^^ K. Nikolics^^ 

K. Nikolopoulos^^, H. Nilsen^^, P. Nilsson^, Y. Ninomiya^^^ , A. Nisati^^^'', R. Nisius^'^, 

T. Nobe^^^, L. Nodulman*^, M. Nomachi^^'^, I. Nomidis^^^, S. Norberg^^\ M. Nordberg3°, 

P.R. Nortoni29^ Novakova^27^ Nozaki''^ L. Nozka^^^^ I.M. Nugent^^^^, 

A. -E. Nuncio-Quiroz^^, G. Nunes Hanninger^^, T. Nunnemann^^ , E. Nurse'^^, 

B. J. 0'Brien'"5, D.C. O'Neil^''^, V. O'Shea^^ L.B. Oakes9^ E.G. Oakham^S'/, 

H. Oberlack^s, J. Ocariz^^ A. Ochi^e, S. Oda^^, S. Odaka6^ J. Odier^s, H. Ogren^o, 

A. Oh82, g jj oh^^ C.C. Ohm^o, T. Ohshima^o\ W. Okamura^^^ H. Okawa^^, 

Y. Okumura^^ T. Okuyama^^^, A. Olariu^^"", A.G. Olchevski^^, S.A. Olivares Pino^^'', 

M. 01iveira^24a,i^ Qliveira Damazio2^ E. Oliver Garcia^^?^ q Olivito^^o^ 

A. Olszewski's, J. Olszowska'^, A. Onofre^24a,afe^ P.U.E. Onyisi3\ C.J. Orami^^'^, 

M.J. Oreglia'i, Y. Oren^^'^ D. Orestano^'^'^'^'^^, N. Orlando'^2a,72b^ j_ Orlov^^^ 

C. Oropeza Barrera^^ R.S. Orr^^^, B. Osculati^°^'5°^, R. Ospanov^^o^ q Osuna^^^ 

G. Otero y Garzon^^, J.R Ottersbachl°^ M. Ouchrifi'Sd^ e.A. Ouellette^6^ 

E. Ould-Saada^i'^, A. Ouraou^'*^, Q. Ouyang'^a^ ^_ Ovcharova^^, M. Owen^^^ g. Owen^^g^ 
V.E. Ozcan^S'', N. Ozturk^, A. Pacheco Pages^^, C. Padilla Aranda^^, S. Pagan Griso^^, 
E. Paganis^39^ q PahF, F. Paige^^, P. PaisS^ K. Pajchel"^ G. Palacinoi^^'^, 
CP. Paleari'^, S. Palestini^o, D. Pallin^^, A. Palmai24a^ j.d. Palmer^^^ Y.B. Pan^'^^, 

E. Panagiotopoulou^'^, J.G. Panduro Vazquez'^^, P. Pani^*^^, N. Panikashvili^ , 

S. Panitkin^^, D. Pantea^^"", A. Papadelis^^^"", Th.D. Papadopoulou^° , A. Paramonov^, 

D. Paredes Hernandez^^, W. Park^^.'^'^, M.A. Parker^^, F. Parodi^°^'^°^, J.A. Parsons3^ 
U. Parzefall^^, S. Pashapour^^, E. Pasqualucci^'^^^ , S. Passaggio^"'^, A. Passeri^^^'^, 

F. Pastorei34a,i34b,*^ Pastore^^ G. Pasztor^^''^'^, S. Pataraia^■^^ N. Patel^^", 
J.R. Pater^^ S. Patricelli^°2a,i02b^ rj, p^ulySO^ m. Pecsy^^''^, S. Pedraza Lopez^''^ 

M.I. Pedraza Morales^^^, S.V. Peleganchuk^o^ , D. Pelikan^^e^ jj. Peng^^^^ B. Penning^^ 

A. Penson^^, J. Penwell^", M. Perantoni^^'^, K. Perez^^'*^^, T. Perez Cavalcanti^^ , 

E. Perez Codina^^^^, M.T. Perez Garci'a-Estafi^^^, V. Perez Reale^^, L. Perini^^a.sgb^ 

H. Pernegger^*^ , R. Perrino^^*^, P. Perrodo^, V.D. Peshekhonov^^, K. Peters^'^, 

B. A. Petersen^", J. Petersen^", T.C. Petersen^^, E. Petit^, A. Petridis^^^, C. Petridou^^^, 
E. Petroloi32a^ p_ pg^j,^jpp-i34a,i34b^ Petscliull^^^ M. Petteni^^^ R. Pezoa^^b, A. Pllan8^ 
P.W. Phillips^^g^ Q Piacquadio^o, A. Picazio^^, E. Piccaro■^^ M. Piccinini^O'^'^ob ^ 

S.M. Piec^^ R. Piegaia^'^, D.T. Pignotti^°s, J.E. Pilcher^^ A.D. Pilkington^^^ 
J. Pina^24a,c^ Pinamonti^'^^'''^'^^^ A. Pinderl^^ J.L. Pinfold^ B. Pintoi24a^ 

C. Pizio^S'^'^s'', M. Plamondon^^^ M.-A. Pleier^^, E. Plotnikova'^^ A. Poblaguev^^, 
S. Poddar^s^, F. Podlyski^''*, L. Poggiolil^^ D. Pohpi, M. Polil^^, G. Polesello^^^^, 
A. Policicchio^'^'^'^ , A. Polini^"'^, J. Poll'''^, V. Polychronakos^^ , D. Pomeroy^^, 

K. Pommes^°, L. Pontecorvo^^^'^ , B.G. Pope^^, G.A. Popeneciu^^^, D.S. Popovic^^'^, 
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A. Poppleton^o, X. Portell Bueso^°, G.E. Pospelov^^ S. Pospisil^^e^ Potrap^^, 

C. J. Potteries, C.T. Potter^^^, G. Poulard^o, J. Poveda^", V. Pozdnyakov^^ , R. Prabhu^^ 
P. Pralavorio^^, A. Pranko^^, S. Prasad^°, R. Pravahan^^, S. Prell'^^, K. Pretzl^^, 

D. Price^o, J. Price'^^^ l Price^, D. Prieur^^s, M. Primavera'^^a^ Prokofievi°s , 

F. Prokoshin^^^, S. Protopopescu^^, J. Proudfoot^, X. Prudenf^^, M. Przybycien^^, 

H. Przysiezniak^, S. Psoroulas^^, E. Ptacek^^^, E. Pueschel^^, J. Purdham^^, 

M. Purohit^S''^'^, p. Puzo^^^ Y. Pylypchenko'^^ J. Qian^'^, A. Quadt^^, D.R. Quarrie^^ 
W.B. Quayle^'^^^ F. Quinonez^^a^ Raas^"^, V. Radeka^^, V. Radescu''^ R Radloff^^^, 
F. Ragusa^^^'^^'", G. Rahal^■^^ A.M. Rahimi^o^ D. Rahm^^, S. Rajagopalan^^, 
M. Rammensee^^ , M. Rammes^^^, A.S. Randle-Conde^'^, K. Randrianarivony^^ , 

F. Rauscher^s, T.C. Rave^^ M. Raymond^o, A.L. Read^^^ D.M. Rebuzzi^i^a.iigb^ 

A. Redelbach^'^^, G. Redlinger^^, R. Reece^^°, K. Reeves^^, A. Reinsch^^^, I. Reisinger^'^ , 
C. Rembser^o, Z.L. Ren^^i^ Renaud^l^ M. Rescignoi32a^ Resconi^^^, B. Resende^^'^, 
P. Reznicek^s, R. Rezvani^^s^ Richter^^^ ^ Richter-Was^'"-^, M. RideF^ 
M. Rijpstra^o^ M. Rijssenbeeki'^s^ A. Rimoldi^i^^'^^^^, L. Rinaldi^o^, R.R. Rios'^^ 

I. Riu^^^ G. Rivoltella^^'^'S^^, F. Rizatdmova"^, E. Rizvi^^ S.H. Robertson^^'', 
A. Robichaud-Veronneau^^^, D. Robinson^*^, J.E.M. Robinson^^, A. Robson^^, 

J.G. Rocha de Limal°^ C. Rodai22a,i22b^ j^^^g^ Santos^^, A. Roe^^, S. Roe^", 
O. R0hnei^^ S. Rollii^i^ a. Romamouk9^ M. Romano^o^'^ob, G. Romeo^^ 

E. Romero Adam^^^, N. Rompotis^^^, L. Roos^^ E. Ros^^^^, S. Rosatii32a^ Rosbach^^, 
A. Rose^^*', M. Rose'^^, G.A. Rosenbaum^^s^ Rosenberg*'^ ^ P L Rosendahl^^, 

0. Rosenthall''^ L. Rosselet''^ V. Rossetti^^^ E. Rossii32a,i32b^ l.P. Rossi^"^, 

M. Rotaru^S'^, I. Roth^^^ J. Rothberg^^s, D. Rousseau^^^, C.R. Royon^^e^ A. Rozanov*^ 
Y. Rozeni52, X. Ruan^^a.^s, p. Rubbo^^ I. Rubmskiy'*^ N. Ruckstuhl^o^, V.I. Rud^^ 
C. Rudolph^^, G. Rudolph6\ F. Riihr'^, A. Ruiz-Martinez^^ , L. Rumyantsev^^ , 
Z. Rurikova''^, N.A. Rusakovich*^^ , A. Ruschke^^, J. P. Rutherfoord"^, P. Ruzicka^^^, 
Y.F. Ryabov^2i^ Rybar^^?^ q Rybkin"^ N.C. Ryder^^^ A.F. Saavedra^^^, 

1. Sadeh^^^^ H.F-W. Sadrozinski^^T^ ^ Sadykov'^^ F. Safai Tehranii32a^ jj^ Sakamoto^^^ 

G. Salamanna'^^ A. Salamon^^^a^ Saleemi^\ D. Salek^^, D. Salihagic^^ 

A. Salnikov^^^^ J. Salt^^^ B.M. Salvachua Ferrando^ D. Salvatore^'^'^'^^b^ f. Salvatore^^^ 

A. Salvuccii°^, A. Salzburger^o, D. Sampsonidis^S"^, B.H. Samseti^^ A. Sanchezi02a,i02b^ 
V. Sanchez Martinezi67^ H. Sandaker^^, H.G. Sander^i, M.P. Sanders^^, M. Sandhoffl^^ 
T. SandovaP*^, C. Sandoval^^^, R. Sandstroem^^, D.P.C. Sankey^^^, A. Sansoni^^, 

C. Santamarina Rios^^, C. Santoni^^, R. Santonico'^^^'^'^^^'^, H. Santos^^^*^, 

I. Santoyo Castillo^^^, J.G. Saraiva^^^'^, T. Sarangi^^^, E. Sarkisyan-Grinbaum®, 

B. Sarrazin^i, F. Sarrii22a,i22b^ q Sartisohn^7^ O. Sasaki6^ Y. Sasakil5^ N. Sasao^^ 
I. Satsounkevitch^*^, G. Sauvage^'*, E. Sauvan^, J.B. Sauvan^^^, P. Savard^^'^'-'^, 

V. Savinovi23, D.O. Savu^o, L. Sawyer^^'", D.H. Saxon^^^ J. Saxon^^o^ q Sbarra^O'^, 
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